OBJECTIVES: First, to determine obesity rates in Auckland school children according to their ethnic group using two different criteria: the body mass index (BMI) and percentage body fat (PBF) derived from bioelectrical impedance analysis (BIA). Second to examine the relationship between BMI and body composition across ethnic groups to determine if BMI references from European children accurately re¯ect obesity in other ethnic groups. DESIGN: A total of 2273 Auckland school children, aged 5 ± 10.9 y had their height, weight and bioelectrical impedance measured. Using these measurements, each child's BMI, fat free mass, fat mass and PBF were derived. RESULTS: In all 14.3% of children were obese using the recommended de®nition of obesity (BMI) greater than the 95th percentile). There was no clinically signi®cant difference in the relationship between BMI and body composition in different ethnic groups. Obesity rates varied with ethnicity (P`0.0001) and were higher in Paci®c Island (24.1%) and Maori (15.8%) than in European children (8.6%). Obesity rates also varied with age (P`0.03), with the highest rates in older children. PBF levels were higher in females than males (P`0.0001). Using a de®nition of obesity based on percentage body fat (PBF b 30%), obesity rates were higher in all ethnic groups. CONCLUSIONS: Obesity rates are high in Auckland school children and there are clear differences in obesity rates in different ethnic groups. If BMI criteria are used to de®ne obesity in our population, we recommend the same standards be used for children of all ethnicities.
Introduction
The prevalence of childhood obesity has increased dramatically. 1 ± 4 In the USA the National Health and Nutrition Examination Surveys (NHANES) has found that the rate of childhood obesity (de®ned as body mass index (BMI) above the 95th percentile for age and sex) increased from 5.2% in 1963 ± 1965 to 14% in 1988 ± 1994. 5, 6 There is limited information available about the prevalence of obesity in New Zealand children. In 1977 a study of 0 ± 13 y olds found that 23% had weights above the 90th percentile, with Paci®c Island children over-represented. 7 Paci®c Island children had a median BMI that fell between the 75th and 95th centiles of European reference charts. 8 A comparison of cohorts of children in New Zealand and USA found that NZ children had higher BMIs than their American counterparts. 9 There are no published studies that have examined the prevalence of obesity in Maori children. Among NZ adults the prevalence of obesity is increasing. 10 In NZ children there has been only one small study of 10 ± 15 y olds, which showed decreasing rates of obesity. 11, 12 Childhood obesity statistics clearly vary with the de®ni-tion of obesity. Ideally, body fat, not body size, would be measured and obesity would be de®ned as the amount andaor distribution of body fat, which is associated with increased morbidity and mortality. The most commonly used estimate of body fatness is the BMI. In children ageand sex-speci®c reference ranges for BMI are available, 13 but the appropriate BMI level for de®ning obesity is not clear. Childhood obesity experts recommend that children with a BMI greater than the 95th percentile or BMI ! 30 be de®ned as obese, and BMI between the 85th and 95th percentile at risk of obesity. 14, 15 In past studies the BMI has shown variable correlation with reference measures of body composition (dual-energy X-ray absorptiometry (DEXA), underwater weighing or isotope dilution) explaining, between 60 and 87% of the variance in fat mass (FM) and between 38 and 87% of the variance in percentage body fat (PBF). 16 ± 22 BMI is limited because it may not account for variation in body composition between different individuals and different ethnicities.
BIA provides a useful tool for the measurement of body composition in large population-based studies. We recently validated the foot-to-foot BIA for use in our population and also demonstrated that foot-to-foot BIA is more accurate than anthropometry alone at predicting body composition.
The aim of this study was to determine the prevalence of obesity in children of different ethnic groups in our community and to determine whether ethnicity affects obesity rates. In doing so we have used two different measures of fatness': ®rstly the BMI and secondly the PBF determined by BIA. We will also examined the relationship between BMI and body composition in children of different ethnicities.
Subjects and methods

Subjects
Students from seven Auckland primary schools were enrolled in the study. The schools were selected from different areas within the Auckland region and were chosen for their high proportion of Maori and Paci®c Island children. Children aged 5 ± 10 y were included if the parents and child consented. The study design was approved by the regional ethics committee. Of the 2565 children eligible, 2273 (88.6%) were measured and included in the analysis. In all 292 children were not included: 130 (5.1%) declined, 71 (2.8%) were unavailable during the measurement period, 70 (2.7%) did not receive the information letter (returned to sender), 16 (0.6%) could not be measured because of technical dif®cul-ties, and 5 (0.2%) had invalid impedance values. The Tanita TBF body fat analyzer requires the child's feet to make electrical contact with four pad electrodes and those who could not be measured had very small or congenitally deformed feet.
Methods
Measurements of height, weight and bioelectrical impedance were made on each subject at their school. The ethnicity of each subject was recorded from the school role and the ethnicities were combined into six groups: European, NZ Maori, Paci®c Island, Indian, Asian and Other. The Department of Education socio-economic class decile coding of the school was recorded as a proxy measurement of the socioeconomic status of the children. A decile code of 1 is the lowest socio-economic rating and 10 is the highest. Weight (to the nearest 100 g) was recorded and foot-to-foot impedance was measured using the Tanita TBF-105 Body Fat Analyzer (Tokyo, Japan). Children were weighed in school clothing and bare feet. A correction of 1 kg was made for the average weight of school clothing (representative samples of clothing were weighed prior to the study). Height to the nearest centimetre was measured using a stadiometer. All heights were measured by a single investigator (GG). BMI was calculated by dividing the weight (kg) by the height (m) squared. The BMI standard derivation score (BMI-SDS) was calculated using tables published by Rosner et al. 23 Fat free mass (FFM) was calculated using the following prediction equation:
(where ZI height 2 impedance and sex 1 for females and 2 for males). The prediction equation was derived on the same equipment in a representative subgroup of 82 European, Maori and Paci®c Island children using DEXA as the reference for FFM. The r 2 between the DEXA-FFM and the BIA-derived FFM was 0.97 and, using the Bland ± Altman method to test equivalence, the BIA-FFM underestimated the DEXA-FFM by a mean of 0.75 kg (95% con®dence intervals 0.52, 0.99). FM and PBF were then calculated from the FFM and weight.
Statistical analysis
Simple descriptive statistics were used to determine obesity rates. We determined the percentage of children with a BMI greater than the 95th percentile for age and sex, using NHANES reference data. 13 We then calculated obesity rates using various PBF values. A logistic regression was used to examine the effects of age, sex, school decile code and ethnicity on obesity rates. The binomial test was used to investigate for each ethnic group whether the proportion of children above the 95th percentile was different from the expected rate of 5%. Linear regressions were used to test the relationship between BMI and body composition (FFM, FM and PBF) in the three main ethnic groups (European, Maori and Paci®c Island) and to test the relationship between BMI-SDS and PBF.
Results
The ethnicity, age, BMI-SDS and PBF of the study population are shown in Table 1 . There were 1130 females (49.7%) and 1143 males (50.3%) in the population. The decile codes ranged from 1 to 7 (median 3). In the Auckland region 38% of primary schools are decile 1 ± 3, whereas 71% of our subjects are from schools with decile code 1 ± 3, ie the sample population is skewed towards lower socio-economic groups.
Firstly we examined obesity rates using BMI criteria. In our study group 14.3% of children had a BMI greater Auckland obesity rates VJ Tyrrell et al than the reference 95th centile for age and sex. A logistic regression of obese or not as an outcome and age, sex, ethnicity and school decile as explanatory variables found that the age and ethnicity of the child had a signi®cant effect on obesity rates (P 0.03 and P`0.0001 respectively). Obesity rates increased with age with 11.6% of 5 y olds and 14.7% of 10 y olds being obese. The Paci®c Island and Maori children were more likely to be obese than the Europeans (odds ratio 3.0 (95% CI 2.24, 4.01) and 1.9 (95% CI 1.35, 2.58), respectively). Asian children were less likely to be obese than European (odds ratio 0.7 (95% CI 0.35, 1.18). The Asian children were the only group that did not have a greater than expected proportion of children above the reference 95th centile for BMI.
Next we examined obesity rates using BIA-determined PBF criteria. The proportion of children above various PBF levels are shown in Table 2 . Use of Ellis' de®nition of obesity of b 30% body fat 42 therefore increases the proportion of children classi®ed as obese in all ethnic groups. Females had higher PBF than males (P`0.0001) with a mean of 31.6% ( AE 6.7) in the females and 25.7% ( AE 7.0) in the males. The 95th centile for PBF in our study group was 44.2 for females and 39.8 for males and the 85th centile was 38.5 for females and 32.6 for males. Figure 1 shows the linear relationship between BMI-SDS and PBF. A BMI-SDS of 1.65 (corresponding to the reference 95th centile for BMI) was equivalent to a PBF of 37.7% in females and 32.2% in males. The relationship between BMI and body composition (FFM, FM, PBF) was examined in the three main ethnic groups. This relationship was signi®cantly affected by ethnicity for FFM (P 0.04), FM (P 0.03) and PBF (P 0.0004). Figures 2 ± 4 show these relationships. The differences, although statistically signi®-cant, are small, and result primarily from the greater number of children with higher BMI in the Paci®c Island group. The 
Discussion
Childhood obesity rates are high in Auckland children. Using the recommended de®nition of childhood obesity, rates in Auckland are similar to those found in the most recent NHANES survey in the USA (14.3% and 13.7%, respectively). Obesity rates varied with ethnicity and the highest rates were seen in Paci®c Island children (24.1%). Obesity rates also varied with age with rates increased with increasing age. There was no difference in obesity rates between males and females. School decile code was examined as an indicator of socioeconomic status of the children studied and did not affect obesity rates. In choosing schools with high Maori and Paci®c Island roles the sample is skewed to over-represent these groups and consequently over-represented the lower socioeconomic groups. The rates may therefore not accurately re¯ect the national situation. Nonetheless, this is the largest study of obesity rates in New Zealand children and the only study that has determined speci®c rates for Maori and Paci®c Island children.
De®ning childhood obesity is dif®cult. In de®ning childhood obesity one aims to identify those children for whom their amount andaor distribution of body fat puts them at increased risk of morbidity and mortality. The recommendation of an expert committee on obesity is that children with a BMI b 95th centile, greater than the 85th centile with complications or BMI b 30 be considered obese. 14, 15 Morbidity studies have shown a variety of different obesity estimates to be associated with negative health consequences. 24 ± 28 BMI greater than the 75th centile for age and sex (using NHANES I reference ranges) in adolescence is associated with increased mortality in men and increased morbidity from coronary heart disease and atherosclerosis in men and women. 24 If BMI criteria are used to de®ne obesity then rates will also be affected by which reference population is chosen to de®ne the 95th centile and in which year it was studied. 1 ± 4,13,23,29 Another limitation of the BMI as the measure of obesity is that it may not account for differences in body composition between ethnicities. Paci®c Island adults are leaner (ie have higher FFM and lower PBF) than Europeans at any given BMI. 30, 31 A BMI of 30 in European women related to a PBF of 42.5% and in Paci®c Island women to a PBF of 38.9%. The converse situation has been demonstrated in Indian men, who have a greater PBF at any given BMI than African American or Caucasian men. 32 We hypothesized that similar differences may exist in children and that the use of reference ranges developed from white children may overestimate obesity in Paci®c Island children. However, we found no clinically relevant difference in the relationship between The small group of Indian children showed a difference similar to that seen in adults with a higher PBF at any given BMI than the European children. However one should use caution in interpreting our results from the Indian group as there were only 93 children in the group and we used a BIA prediction equation which was not speci®cally developed for either Indian or Asian children.
There are now ethnicity-speci®c BMI reference ranges available and there are clear differences in the 95th centile levels for different ethnicities. 23 If one uses these ethnicityspeci®c references as the criteria for identifying obese children then one needs to consider the relationship of BMI to body composition in the different ethnicities. If, as in our population, the BMI indicates similar body composition across ethnicities, then it would not be appropriate to use ethnicity-speci®c BMI centiles in the de®nition of obesity. There may be other ethnicity related factors which modify the risk of obesity-related disorders. However, in a group such as the Paci®c Islanders, who have a high rate of obesityrelated disease, accepting higher BMI values for Paci®c Island children would simply be accepting a different level of health for those children. We therefore recommend for NZ children that the same BMI value be used to identify obesity in all ethnicities. Further work is needed to determine at what age or level of pubertal development ethnically determined differences in body composition become clinically important for Paci®c Island children. The interesting observation of increased PBF at any given BMI for Indian children also needs further investigation.
An alternative way of de®ning obesity would be to determine the level of body fat that is associated with disease. We have illustrated many different PBF levels for de®ning obesity. We would recommend the use of sex-speci®c criteria, as our study con®rmed that females have higher PBF than males in childhood. The 95th centiles for our population are higher than those previously reported. 19 We found that the reference 95th centile for BMI corresponded to a PBF value of 37.7% for females and 32.2% for males. In this study we used BIA to determine PBF and have previously shown that BIA is more accurate than anthropometry at predicting PBF.
There are some examples in the literature where body composition, and not simply body size, has been shown to be important in disease risk. Higher levels of body fatness (determined by DEXA) are associated with unfavourable left ventricular geometry. 34 The level of PBF (determined by skin fold thickness (SFT)) is negatively associated with forced vital capacity (FVC) and forced expiratory volume in one second (FEV 1 ). 35 Conversely, body weight is positively associated with FVC and FEV 1 . 35 High cholesterol levels in normal body weight, 8 ± 10 y old children are associated with high body fat levels (determined by SFT). 36 Insulin levels are correlated with FM and PBF (r 0.55 and 0.5 respectively) and blood pressure is also associated with FM. 34, 37 In obese children the distribution of adipose tissue may also be important. Central adiposity (determined by abdominal SFT or waist-to-height ratio) is strongly associated with cardiovascular risk factors, as in adults. 38 In obese 7 ± 11 y olds visceral adipose tissue was the better predictor of adverse lipid pro®le than PBF or FM (determined by DEXA). 37 There is only limited information about normal body composition in children and how it varies with age and sex. PBF is higher in females than in males at all ages. 19,39 ± 41 PBF increases with age in females but is relatively constant in males during childhood. From the literature there is no clear PBF level at which to de®ne obesity and some authors have used arbitrary PBF values. Ellis et al 42 de®ned normal as`25% fat, overweight as 25 ± 30% fat and obese as b 30%. Goulding et al. 17 found that virtually all children with a BMI b 90th centile had PBF b 30%. Another dif®culty in using PBF criteria for de®ning obesity is that the PBF determined using different methodologies are not interchangeable. 42 In summary, this study shows high rates of childhood obesity in Auckland school-children, irrespective of the de®nition used. Obesity rates varied with ethnicity and age. Particularly high rates are seen in Paci®c Island children. We have discussed several alternative PBF criteria which could be used to identify obesity. PBF in childhood needs to be prospectively studied to determine if it provides a better predictor of obesity-related morbidity than currently used anthropometric indices. Finally, we found no clinically signi®cant differences in the relationship between BMI and body composition in different ethnicities. Therefore, if using BMI criteria to identify obesity, we recommend that the same BMI standards be used for children of all ethnicities.
